Black granular single crystals of monotitanium dibismuth, TiBi 2 , were synthesized by slow cooling of a mixture of Bi and Ti from 693 K. The title compound is isostructural with CuMg 2 (orthorhombic Fddd symmetry). Ti atoms are located in square antiprisms of Bi atoms. The network of one type of Bi atom spirals along the a-axis direction while honeycomb layers of the other type of Bi atom spreading in the ab plane interlace one another.
Chemical context
TiBi 2 was first reported in the study of the Ti-Bi binary phase diagram by Vassilev (2006) . Maruyama et al. (2013) confirmed the presence of TiBi 2 in their phase-diagram study and showed that the powder X-ray diffraction (XRD) pattern was consistent with that of a Ti-Bi film prepared by RF sputtering (Simić & Marinković, 1990) . However, the crystal system, lattice parameters and structure of TiBi 2 were not reported.
In the present study, we prepared single crystals of TiBi 2 to clarify the structure. The pellet of the starting mixture maintained the original shape after heating at 693 K. The powder XRD pattern of the sample showed that a mixture of TiBi 2 , Bi, and Ti had been obtained. Single crystals of TiBi 2 approximately 120 mm in size were picked up from the fractured sample. TiBi 2 is unstable and decomposes in air. When the mixture was heated at 703 K, the obtained sample was a mixture of Bi and Ti 8 Bi 9 . This temperature was above the peritectic temperature of TiBi 2 (698 K) reported in the phase diagram by Maruyama et al. (2013) .
Structural commentary
TiBi 2 is isotypic with CuMg 2 (Schubert & Anderko, 1951; Gingl et al., 1993) , NbSn 2 , VSn 2 , CrSn 2 (Wö lpl & Jeitschko, 1994; Larsson & Lidin, 1995) , and IrIn 2 (Zumdick et al., 2000) . TiSnSb is the only reported compound which contains Ti and crystallizes in the CuMg 2 -type structure (Malaman & Steinmetz, 1979; Dashjav & Kleinke, 2003) . The crystal structure of TiSb 2 adopts the CuAl 2 type, while that of TiSn 2 is not known. TiBi 2 is the first binary compound that is composed of Ti and a group 15 element and has the CuMg 2 -type structure. Fig. 1 shows the crystal structure of TiBi 2 while the coordination environments of the Ti1, Bi1, and Bi2 atoms are illustrated in Fig. 2 . The Ti1 site is located in a square antiprism of Bi atoms. The Bi square antiprisms are aligned alternately along the a + b and a À b directions by sharing the square planes. Bi-Ti bond lengths in the Bi square antiprism and the Ti-Ti distance of the inter-antiprisms are 2.9382 (16)-3.0825 (6) and 2.9546 (2) Å , respectively, which are in the ISSN 2056-9890 ranges reported for Ti 8 Bi 9 [Bi-Ti = 2.818 (4)-3.144 (6) Å and Ti-Ti = 2.934 (6)-3.715 (5) Å ; Richter & Jeitschko, 1997] .
The Bi1-Bi1 bond lengths in the Bi1 spiral-like network are 3.0730 (8) Å in the c-axis direction and 3.4589 (4) Å in the other direction. The Bi2-Bi2 bond lengths in the Bi2 honeycomb layers in the ab plane are 3.4639 (8) Å in the b-axis direction and 3.3435 (4) Å in the other direction. The Bi-Bi bond lengths in the spiral rings and honeycomb layers in TiBi 2 are in the range of those in Bi metal (3.071 and 3.529 Å ; Cucka & Barrett, 1962) . The interatomic distances between the Bi atoms of the spiral network and the honeycomb layers (Bi1-Bi2) are 3.6974 (3), 3.7309 (4) and 3.7546 (4) Å , which are longer than the Bi-Bi bond lengths in Bi metal.
Synthesis and crystallization
Starting powders of Bi (1 mmol, Mitsuwa Chemicals Co., Ltd, 99.999%) and Ti (0.5 mmol, Mitsuwa Chemicals Co., Ltd, 99.99%) were weighed, mixed in an alumina mortar with a pestle and formed into a pellet by uniaxial pressing in an Ar gas-filled glove box (O 2 and H 2 O < 1 p.p.m.). The pellet was put in a tantalum boat (Nilaco Corp., 99.95%). The boat was sealed in a stainless-steel (SUS 316) tube. The sample was heated to 693 K in an electric furnace with a heating rate of 3.5 K min À1 . This temperature was kept for 10 h, and then lowered to 473 K with a cooling rate of 5 K h À1 . After cooling to room temperature by shutting off the electrical power to the furnace, the stainless-steel tube was cut and opened in the glove box. To identify the crystalline phases, powder XRD (Cu K, Bruker, D2 phaser) was carried out for a portion of the sample which was ground in the alumina mortar and sealed under an Ar atmosphere in a holder with a kapton film window. The chemical compositions of TiBi 2 single crystals placed on a carbon tape were determined with an electron probe microanalyzer (EPMA, JEOL, JXA-8200). Bi and TiO 2 (Japan Electronics Co., Ltd) were used as standard samples. The analyzed composition ratio of Ti:Bi in the crystals was 1.0 (1):2.0 (1). A single crystal of TiBi 2 was sealed in a glass Crystal structure of TiBi 2 illustrated with Ti-centered Bi1-Bi2 square antiprisms and Bi1-Bi1 and Bi2-Bi2 bonds. Computer programs: Instrument Service, APEX2 and SAINT-Plus (Bruker, 2014) , SHELXL2014 (Sheldrick, 2015) and VESTA (Momma & Izumi, 2011) .
capillary with Ar gas in the glove box for the single-crystal XRD experiment.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . (Bruker, 2014 ); cell refinement: APEX2 (Bruker, 2014) ; data reduction: SAINT-Plus (Bruker, 2014 ); program(s) used to solve structure: APEX2 (Bruker, 2014 ); program(s) used to refine structure:
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SHELXL2014 (Sheldrick, 2015) ; molecular graphics: VESTA (Momma & Izumi, 2011) .
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Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
